Recently, there has been a great concern about increasing the yield and storage of many olive cultivars in Egypt and countries around the world. However, there is a lack of storage facilities to reduce the losses of olives. This study provide some safe treatments after harvest to extend the cold storage of olives, while reducing or mitigating the chilling injury of stored fruits. Treatments were done by dipping fruits of each used cultivar, namely Manzanillo and Toffahi in one of the treatment solutions which were, the control (water), Naphthalene Acetic Acid (NAA) at 100 or 200 ppm, Lisophos (LPE) at 200 or 400 ppm, putrescine at 1 or at 2 mM, in addition to benzyladenine (BA) at either 100 or 200 ppm. After dipping for 20 min, olives were left for air drying at room temperature (22 ± 2°C ) in foam plates, then stored in the cold store at (5 ± 1°C) and relative humidity of 95 %. Each solution contained the surfactant called Tween 20 at 0.05% (V/V). After each cold storage duration olives were left for 24 hrs on the bench at room temperature to warm up before assessing the physiological and chemical characteristics of fruits of each treatment. The results revealed that putrescine -treated fruits had higher chlorophyll content especially at 2 mM. Similar trend of results was obtained with LPE at 200 ppm or BA at 200 ppm. Meanwhile, there was a significant reduction of electrolyte leakage following the cold storage periods, especially with LOE at 400 ppm or putrescine at 1 mM when compared with the control. This study recommended dipping olive fruits after harvest and prior cold storage in Lisophos at 200 or 400 ppm or in putrescine solution at 1 mM to prolong the cold storage life and to reduce the injury of stored olives, while reducing their loss of quality.
INTRODUCTION
The olive (Olea europea) is one of the most important food crops in many countries around the Mediterranean sea and places with a Mediterranean climate especially in the arid areas. The trees have a distinguished stress tolerance such as drought and salt stresses.
Due to the high demand in Egypt, there has been a need to raise the production of olives. Since olives could be one of the best crops to increase the national income of Egypt. In addition to, the need to fulfill the demand to more yield for oil extraction. Thus, there is a need to store a great amount of olive fruits. Moreover, olive fruits are also needed for pickling as part of the traditional food in many countries.
There have been good efforts to decrease chilling injury by avoiding exposure of olive fruits to cold temperatures below 5°C, since they prefer 5 to 7.5°C and 90-95% relative humidity.
There are relatively few attempts to alleviate chilling injury but they are not enough. Thus, there has been a lack of more research in order to alleviate chilling injury of olives. It is expected to find variations in chilling stress tolerance when the local cultivars are compared with adapted-imported cultivars such as Manzanillo. However, the utilization of safeplant growth regulators to mitigate chilling stress of olives is still very scant. As shown in the literature, growth regulators such as salicylic acid, putrescine and Jasmonates were applied to reduce chilling injury of stored olives in the cold (Cai et al., 2006; Asghari and Aghdam, 2010; Lu et al., 2010; Wang, 2010; Lu et al., 2011) .
The main objective of this research was to alleviate the chilling injury symptoms on olive fruits by applying some growth regulators after harvest and before cold storage, then assess the characteristics of local and universal cultivars following cold storage.
MATERIALS AND METHODS
This study was conducted during two successive seasons 2014 and 2015 using olive fruits at full maturity (green stage), collected from a private orchard located in El Hammam District, Matrouh Governorate, uniform and free of visible defects as possible. Two commercial olive cultivars were used, one of them is local, namely Toffahi, and the other was adapted to the Egyptian agriculture, namely Manzanillo. Fruits were surface sterilized by the next steps: Washed with tap water, dipped in sodium hypochlorite (NaOCl) for 3 minutes at concentration of 0.5 ml/l (0.05%, V/V), rinsed again quickly in distilled water, then fruits were left for air drying at room temperature.
Then after, the olive fruits of each cultivar were divided into 9 groups with 400 fruits in each group. Each group was randomly divided into 4 replicates with 100 fruits for each. Then fruits of each were dipped for 20 minutes in one of the treatments solutions as follows: Distilled water (the control), Naphthalene Acetic Acid (NAA) at 100 ppm or 200 ppm, Lisophos at 200 ppm or 400 ppm, putrescine at 1 mM or 2 mM and finally Kenzo as benzyladenine at 100 ppm or 200 ppm. The non-ionic surfactant Tween 20 at 0.05% (V/V) was added to all treatments to reduce the surface tension and to increase the contact angle.
The fruits were left for air drying, then packed in foam plates and wrapped with polyethylene stretch, after that they were stored in a commercial cold room at 5 ± 1°C and humidity of 95%. All assessments were conducted with four replicates per treatment.
Fruit quality assessment was made after 45 and 90 days in cold storage, then the data was expressed as the treatment effect regardless the storage time duration factors.
The fruit quality parameters were done after keeping fruits for 24 hr., from cold storage at room temperature.
Physical Characteristics

Water loss (%)
In order to determine the water loss (%), olive fruits were weighted at the beginning of the experiment after packing and thereafter 45 days and 90 days during the storage times.
Pit and flesh weights (g) were determined by using the total weight of ten olive fruits of each replication at the beginning, then after 45 and 90 days of cold storage.
Furthermore, the percentage of electrolyte leakage of fruit peel was calculated according to the method of Ahrenes and Ingram (1988).
Moreover physiological disorders incidence after each duration of cold storage were assessed by rating units: 1= no disorders, 2= acceptable, 3 = commercially accepted, 4 = visibly unmarketable. After 24 hours of exposure to room temperature such as pitting, tissue browning and visible shriveling.
Chemical Characteristics
Chlorophylls a, b and beta-carotene contents
were extracted, measured, calculated and expressed as mg/l according to the procedure of Wintermans and Mats (1965).
2. The percentage of total soluble solids (TSS) was determined in olive fruit juice using a hand refractometer.
3. Total acidity was estimated as malic acid (g) per 100 ml according to the method described by AOAC (1985).
4. Vitamin C content was measured and expressed as mg ascorbic acid/100 ml juice (Egan et al., 1987) .
Statistical Analysis
Data were analyzed as a completely randomized design (CRD) with four replicates. Comparisons among means were made via the Least Significant Differences multiple ranges according to Snedecor and Cochran (1980) . The data were analyzed by using SAS (2000) program.
RESULTS
The Effect of Postharvest Treatments on" Manzanillo" Olives during Cold Storage for the Two Seasons 2014 and 2015
Some physical characteristics and physiological disorders
Moreover, the effect of various used treatments on some physical characteristics of "Manzanillo" olives, regardless the time factor, was reported in Table 1 . The results revealed that all treated olives had similar weight to that found in the control. That was also the trend of results with regard to the influence of the treatments on pit weight and flesh weight of "Manzanillo" fruits in both seasons when compared with the control.
The influence of used treatment on weight loss, regardless the time was shown in Table 1 . The results indicated that there was a consistent increase in such property caused by using BA at 100 ppm relative to the control in both seasons. Meanwhile, postharvest treatments of "Manzanillo" olives resulted in a significant increase in water loss, only in the second season related to the control. These treatments included LPE at 400 ppm, putrescine at 2 mM and BA at 200 ppm (Table 1) .
With regard to the effect of applied treatments after harvest on some physiological disorders of "Manzanillo" olive fruits during the two seasons 2014 and 2015, it was evident that LPE at 400 ppm caused a significant reduction in fruit pitting in a consistent manner in both seasons as compared with the control. Similar trend of results was obtained with the application of some other treatments but was significant in one season only relative to the control. These treatments included putrescine at 1 mM as well as BA at 100 or 200 ppm.
Fruit tissue browning, as one of the disorders related to exposure to chilling was also assessed and reported in Table 2 . The results revealed that there were variations in the level of tissue browning in relation to the used treatments of "Manzanillo" olives. The significant reduction was obtained with putrescine-treated fruits especially at 1mM. Some other treatments also resulted in reducing the magnitude of tissue browning in the second season such as BA at 100 or 200ppm. In a similar manner, LPE at 400 ppm and putrescine at 2 mM reduced tissue browning in the first season.
Moreover, visible shriveling of fruits was only increased significantly with the treatment of BA especially in the first season with both used concentrations but was reduced when olives were treated with either LPE at 400 ppm or putrescine at 1 or 2 mM during the second season.
The percentage of electrolyte leakage of "Manzanillo" olives during cold storage
With regard to the influence of various used treatments on the percentage of electrolyte leakage of "Manzanillo" olives, regardless the time factor, the results in Table 3 prove that all treatments were significantly effective on reducing such leakage when compared with the control. However, the magnitude of such reduction was similar in the cases of LPE at 200 and 400 ppm, in addition to putrescine at 1 and 2 mM. The least magnitude of electrolyte leakage reduction was found with the applications of LPE at 400 and 200 ppm.
Some chemical characteristics of "Manzanillo" olives
The results in Table 4 show the influence of postharvest treatments of "Manzanillo" olives on some chemical characteristics regardless the time factor. The results indicated that the content of chlorophyll a was significantly decreased by all treatments relative to the control especially in the second season only. However, chlorophyll b in the fruit was increased relative to the control by most treatments in the first season such as Carotenes, on the other hand, were consistently increased by all postharvest treatments of "Manzanillo" olives in the two seasons. The greater magnitude of carotene increase was found with putrescine at 1 mM in the first season and BA at 200ppm in the second season relative to other treatments and to the control.
With regard to the changes in total soluble solids (TSS) in "Manzanillo" fruits in response to postharvest applied treatments, the results in Table 4 reveal that the significant alterations were obtained only by the second season applications but the changes of TSS during the first season were not significant by all treatments relative to the control. Moreover, fruit acidity was affected by using the treatments in the second season especially with putrescine at 1mM and LPE at 200 ppm.
Changes in vitamin C in "Manzanillo" fruits in response to the treatments, regardless the time of cold storage, were recorded in Table 5 . The results showed significant changes in vitamin C by all treatments in the first season relative to the control. However, the consistent increase in vitamin C was found with some treatments in the second season such as NAA at 100 ppm, putrescine at 1 mM, in addition to BA at 100 or 200 ppm.
The Effect of Postharvest Treatments on "Toffahi" Olives During Cold Storage for the Two Seasons 2014 and 2015
Some physical characteristics and physiological disorders Physical characteristics of used "Toffahi" olives in response to postharvest treatments, regardless the time factor, were reported in Table 6 . The results showed that there were no significant differences in fruit weight when comparing the treatments with the control in both seasons with exception of case with BA treated olives in the first season and putersene 1mM in the second one. In addition, some variations were also reported in pit weight of "Toffahi" olives, especially with the application of NAA at 200 ppm, LPE at 400 ppm, and BA at 100 ppm that had lower pit weight than that of the control in the first season and as the putrescine in the second season. However, almost all treated "Toffahi" olives had similar flesh weight to that of the control in both seasons.
Furthermore, the percentage of water loss from "Toffahi" olives was not, in general, influenced by used treatments after harvest except with LPE treated fruits at 400 ppm or BA -treated fruits at 100 ppm in 2014 season (Table 6 ).
Regarding the effect of various treatments used on some physiological disorders, regardless the time factor, the results in Table 7 showed that pitting of "Toffahi" olives varied among treatments. Pitting was slightly higher with the applications of either LPE at 200 or 400 ppm or BA at 100 or 200 ppm relative to the control in the first season. However, such pitting was decreased with the application of NAA at 200 ppm and putrescine at 2 mM in 2014 and 2015 seasons, respectively. Meanwhile, fruit tissue browning was reduced by many treatments especially by putrescine at 2 mM or by BA at 100 ppm during both seasons and by NAA, LPE at 200 ppm putrescine at 2 mM and BA at 100 ppm in the first season, while with LPE at 400 ppm or putrescine at 1 mM or BA at 200 ppm, it was reduced in a significant manner only in the second season.
Furthermore, visible shriveling did not increase by used treatments in both seasons but was even reduced by some treatments such as NAA at 100 ppm and pturescine at 1 or 2 mM in the first season.
The percentage of electrolyte leakage of "Toffahi" olives during cold storage
The influence of various-postharvest treatments on the percentage of electrolyte leakage during cold storage of "Toffahi" fruits was reported in Table 3 . The results showed that all treated "Toffahi" olives had lower electrolyte leakage than the control. The lowest magnitude of electrolyte leakage was obtained with LPE at 400 ppm followed by putrescine at 1 or 2 mM. These three treatments were equally effective on the leakage of electrolytes regardless the duration of cold storage. Moreover, the leakage of electrolytes was similar when comparing its magnitude by both used concentrations of NAA (at 100 and 200 ppm) or BA. Means within the column having the same letters are not significantly different, in comparing Least significant difference (LSD) at 0.05 level. These visible characteristics were assessed by using rating units: 1= no disorders, 2= acceptable, 3= commercially accepted, 4= visibly unmarketable.
Some chemical characteristics of "Toffahi" olives
The results in Table 8 reveal that there were significant increases in chlorophyll a as influenced by used treatments after harvest. In both seasons, higher values than in the control fruits, were found by treatments of putrescine at 1 and 2 mM, BA at 100 and 200 ppm, as well as LPE at 200ppm in addition to NAA at 200 ppm in the second season.
Moreover, chlorophyll b was also influenced by many treatments, regardless the time factor, especially when compared with the control in both seasons. These significant increases in chlorophyll b in both seasons were obtained with the application of some treatments such as NAA at 200 ppm, LPE at 200 ppm, putrescine at 1 mM, in addition to the two used concentrations of BA. Such treatments were all able to lead to greater chlorophyll b values when compared with control (Table 8) .
Meanwhile, carotene content was not significantly affected by used treatments after harvest as compared with the control (Table 8) in the first season eventhough in the second season, carotene content in the fruit was significantly increased by treatments such as LPE at 400 ppm, putrescine at 1 and 2 mM, in addition to NAA at both used concentrations (100 and 200 ppm).
The response of the TSS to various used treatments after harvest (Table 9 ) indicated that they were all effective on increasing TSS over the control in the second season in addition to putrescine (2 mM) and BA at either 100 ppm or 200 ppm in the first season.
Moreover, flesh acidity in "Toffahi" olives was significantly increased in the second season by both applied concentrations of NAA (100 and 200 ppm) and by putrescine (1 and 2 mM) but decreased with the use of BA (at 100 and 200 ppm), in addition to LPE at 200 ppm in the second season.
On the other hand, there were no significant changes in vitamin C in both seasons, since the control and all used treatments had similar values (Table 9 ). 
DISCUSSION
It has been reported that pitting of fruit tissues, browning and shriveling are the main symptoms of chilling injury (Farag et al., 1992;  Farag et al., 2005; Golding, 2019) . Thus the breakdown of sub-surface fruit tissues and their collapse results such pitting. Moreover, the tissue browning following chilling exposure was attributed to the activating of the polyphenoloxidase, especially on those phenols that are transported from the vacuoles (Farag et  al., 2005) . Such symptoms are usually visible after the exposure of chilled fruits to room temperature to show its toxic influence.
The increasing demand in Egypt for more olive production dictates the need for more yield and capability of storing a huge amount of the fruit at the convenient temperature. Meanwhile, olive fruits are sensitive to chilling stress. The symptoms of chilling injury have been developing in and out the fruit such as internal browning next to the pit or at the stem end in addition to the surface pitting. All the symptoms that are visible on the olive fruits are reflected on the increase in the percentage of electrolyte leakage after periods of cold storage. No wonder, it was obvious from the results to find more leakage of cell electrolytes as the cold storage duration of "Manzanillo" or "Toffahi" olives increased especially in the control fruit. Such increase in the leakage was supported by the findings of many researchers who worked on the assessment of cold stored olive fruits (Kader et al., 1989 and 1990; Garcia and Streif, 1991; Kiritsakis et al., 1998; Wang, 2010) .
However, such leakage of electrolytes was significantly reduced when the fruits were pretreated by the growth regulators, used in this study, especially LPE at 200 or 400 ppm in addition to the treatments of putrescine at 1 or 2 mM. The significant reduction in the leakage of cold stored olives that were treated by LPE could be attributed to its ability to delay tissue senescence, repair the plasma membrane damage and inhibit the activity of phospholipase D (the destructive enzyme) as reported by (Farag et al., 1992; Ozgen et al., 1999) .
Furthermore, the positive influence of putrescine on the alleviation of chilling injury of the treated olives could be explained on the bases of its ability to work as anti-ethylene action compound and biosynthesis that is effective on reducing the damage even in a nonclimacteric fruit such as olive (Wang, 2000;  Wang, 2010; Barman et al., 2011; Yang et al.  2016) .
Thus, the trend of results obtained by some treatments on electrolyte leakage was further supported by the findings of the reduction in chlorophyll breakdown after cold storage of fruits especially again by LPE or putrescine. It was well documented that the treatments which delayed tissue senescence were also able to hinder the destruction of chlorophylls whether a or b (Ozgen and Palta, 2003; Farag, et al., 2005) .
In line with the above findings 6-BA treatment was also able to protect against chilling injury of olive fruits. Such protection could be explained on the basis that BA could slow down the aging and senescence processes (Mirdehghan and Rahemi, 2005; Mirdehghan et al., 2007; Wang, 2010; Zheng et al., 2012) .
As one of the major cytokinins (from the adenine group) various parameters related to delaying fruit senescence were retarded by 6-BA treatments, while vitamin C was increased as the cold storage duration increased but the flesh acidity was reduced while carotenes were increased.
In spite of the above changes, the magnitude of electrolyte leakage of BA-treated olives was still less than that of the control.
Moreover, NAA was also effective on reducing chilling injury of treated olive fruits of "Manzanillo" and "Toffahi" such postharvest efficacy was supported by many researchers who reported that NAA was able to reduce chilling injury (Amoros et al., 2004; Mashau et  al., 2012; Phani et al., 2015) .
